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An increasing number of studies has accumulated during the past two decades 
implicating lymphoeytes and blast cells (1-14),  as well as plasma cells, in  the 
synthesis of antibody. Hayes, Dougherty, and Gebhardt offered the first evi- 
dence that lymphocytes might secrete antibody by demonstrating the specific 
binding of bacteria to the surfaces of a small number of lymphoid cells  (15). 
Coons and his colleagues developed the fluorescent antibody technique and were 
able to detect, within the lymphoid tissues of immune animals, antibody in the 
cytoplasm of cells that resemble lymphocytes (16, 17). In most of these reports, 
the antibody-forming elements have been classified according to criteria of fight 
and fluorescent microscopy, which are inadequate to define a substantial num- 
ber of mononuclear cells. Harris et al. revealed the fine structure of a few cells 
that  had formed hemolytic plaques  (18,  19)  and  reemphasized  the  role  of 
lymphocytes in antibody synthesis. Also using the electron microscope, Cun- 
ningham eta/. (20) and Storb et al. (21, 22) have more recently demonstrated 
similar results. Our study has corroborated and extended their observations and 
has had a two-fold purpose: first, to classify quantitatively with the electxon 
microscope the cell types that were capable of antibody synthesis; and second, 
to develop  an  ultrastructural  method with more  versatility than  the  tech- 
nique  of  fishing  for  hemolytic  plaques  or  "rosettes."  With  the  method 
applied in this investigation it was possible to use a wide variety of antigens, 
soluble or particulate, and to examine a reasonably large number of tagged cells 
in the electron microscope. 
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Materials and Methods 
Inbred  male Lewis rats,  1 each about 300 g in weight, were used in all experiments. Immuni- 
zation was effected by footpad inoculation with 1 ml of complete Fretmd's adjuvant (CFA) 
containing 5 mg of bovine serum albumin (BSA)  * and 0.5 nag of dried tubercle bacilli,  s 10 days 
later, the rats were boosted with 5 nag soluble BSA injected into two subcutaneous sites, and 
on day 14 they were bled from the tail for detection of circulating antibodies by double diffu- 
sion in agar. Rats yielding positive precipitin bands were killed on day 16, 6 days after the 
booster of antigen. A control group of rats was inoculated into the footpads with a total of i 
ml incomplete Freund's adjuvant, i.e.,  without BSA and tubercle bacilli. A second group was 
immunized by intradermal injection of CFA  containing an irrelevant protein  (horseradish 
peroxidase). Antibodies to BSA were not detected in the sera of any control rats. Both immu- 
nized  4  and control animals were autopsied in parallel; their draining lymph nodes were removed 
and minced into cell suspensions. The latter were washed twice in tissue culture (TC) medium  5 
and adjusted to a concentration of 15 X  106/ml. 
Isotopic  labding  of isolated cells was accomplished by two procedures. The first was based 
on the method described by Pick and Feldman (23)  and utilized rabbit -/-globulin harvested 
from antiserum against rat -r-globulin (rabbit anti-rat 3,0,  presumably to precipitate and 
immobilize any -/-globulin at the surface of those cells producing and secreting this protein. To 
each ml of cell suspension were added 100-200/~g of rabbit anti-rat -/G and the mixture was 
shaken gently for 30 min at 4°C. The cells were lightly centrifuged, washed once in TC medium, 
and resuspended to original volume. Smears for fluorescent microscopy were prepared at this 
point and fixed in alcohol-ether. The suspension was then divided into two parts. To each ml 
of one suspension was added  100 t*g of mI-labeled BSA (specific  activity, 2 t~c/~g)  and the 
contents were shaken gently for 30 min at room temperature. To each ml of the other was 
added 100 v.g of nsI-labeled rabbit -/-globulin (RGG)  (specific  activity, 2 ~c/t*g)  and similar 
treatment was given. This latter cell suspension was a control for nonspecific labeling. A second 
control was designed to determine whether tagging of cells might have been due to nonspecific 
adherence of antibody to cell surfaces (e.g.,  cytophilic antibody) with subsequent binding of 
isotopically labeled antigen. Lymph node cells derived from rats immunized with an irrelevant 
protein were suspended at 0°C for 30 rain in anti-BSA antisera obtained from the rats immu- 
nized with this antigen. The cells were washed in TC medium and incubated with n~I-BSA 
at room temperature for an additional 30 rain. 
An alternative procedure was to incubate the cell suspensions directly with l~q-labeled BSA 
or n~I-labeled RGG without the interposition of rabbit anti-rat -/G. It was possible, then, to 
compare results of the two procedures and to learn whether the presumed precipitation and 
immobilization of rat -/-globulin at the surface of secreting cells was truly advantageous for 
detecting fixation of isotopically labeled antigen. 
Unbound radioactive reagents were removed from  the incubation mixtures by washing the 
x Purchased from Microbiological Associates Inc., Bethesda, Md. 
Obtained from Armour & Co., Chicago, Ill. 
Generously supplied by Parke, Davis & Co., Detroit, Mich. 
4 Throughout this paper the terms "immunized  rats" and Cqmmunlzed  ceLls" refer to rats 
inoculated with BSA in CFA, the tissues and cells of which were later reacted with ~5I-BSA. 
The abbreviated phrases distinguish the experimental group from the control group that was 
inoculated with BSA in CFA, the tissues and cells of which were later reacted with ~"I-RGG 
and from the group that was immunized with horseradish peroxidase, the tissues and cells of 
which were later reacted with ~SI-BSA. 
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cells 5 X in 50 ml of TC medium containing  10 mg/ml of hen egg albumin. The latter unlabeled 
protein, in this concentration,  reduced  nonspecific fixation of ~SI-BSA or ~SI-RGG, and it in 
turn was removed by washing  once in TC medium. 
After the final wash, smears were made for light microscopic radioautography. The remain- 
der of the cell suspension was fixed in 1% glutaraldehyde and processed as a pellet for electron 
microscopic  radioautography of thin  sections.  The  number  of sectioned  blocks that  was 
examined from each control equalled the number cut from among the immunized group. 
In addition  to the smears and thin sections of cell suspensions, one dralninglymph node from 
each rat provided frozen fresh tissue sections for fluorescent and radioautographice  microscopy. 
Fluor detection of cells containing antibody in both smears and tissues was a~complished by 
reacting alcohol-ether-fixed preparation with mI-labeled BSA, washing thoroughly, and then 
incubating with rabbit anti-BSA labeled with fluorescein isothiocyanate. After recording the 
results photographically, the fluor preparations were processed for radioantography. Since the 
fluorescent antibody technique was used merely to confirm the presence of antibody-containing 
elements,  the tedious manipulations of identifying a large number of cells, each labeled by 
both fluor and isotope, were not done. There was, however, a rough correspondence between 
the number and distribution of cells labeled by fluor and by grains. 
In l~ght microscopic  radioautographs of smears, over 2000 cells were counted for experi- 
mental and each control preparation; only cells heavily labeled with grains were considered 
positive. Background grains ranged from 0-3 per 100 t,  -a. In electron microscopic radioauto- 
graphs, cells with four or more grains were classified as positive (see next paragraph). Back- 
ground grains ranged from 0-1 per 50 tt  -~. 
Biometric  analysis  of grain counts over and around cells in electron micrographs  revealed 
that the mean number of grains around immune lymphocytes was 6.6 and the corresponding 
mean for control lymphocytes was 3.3. The difference was statistically significant and sug- 
gested that at least two functionally different populations were labeled. In order to establish 
a high threshold of positivity  among the immune populations and to eliminate from this group 
as many cells as possible that might be labeled nonspecifically, we included in our calculations 
all elements with four grain or more as positive. 
RESULTS 
Sections of lymph nodes and smears derived from lymph nodes of immunized 
rats  4 were reacted first with ~I-BSA  and later with  rabbit anti-BSA labeled 
with fluor. In tissue, stained cells were clustered in secondary follicles and were 
scattered in  the  medulla.  Radioautographs  of  the  same material  revealed a 
comparable number of heavily labeled cells distributed in similar patterns. In 
smears, the number and position of cells stained brightly by fluor were similar 
to those tagged by grains. 
Sections of and smears from lymph nodes of nonimmune rats were also reacted 
with mI-labeled BSA and fluor reagent as above. A very small number of cells 
in both tissue and smears was lightly stained and it was not possible to discern 
what cell types these were. Radioautographs of the same material yielded a few 
isotopically tagged elements comparable in number  and distribution to those 
found in the fluorescent microscope. 
Examination of radioautographs of smears disclosed that 17 %  of lymph node 
cells derived from immunized rats and reacted with isotopically tagged specific 
antigen were heavily labeled, while 1.9-2.4 %  of lymph node cells prepared from 1032  H'ETEROGENF.ITY  OF  ANTIBODY-FORMING  CELLS 
TABLE  I 
Labeled Cells by Light Microscopic (LM)  and Electron Microscopic (EM)  Radioautography 
Cell source  1~5I Antigen in vitro  Per cent label LM  Absolute  No. EM  radloautegraphs  radloautographs* 
BSA/CFA 
BSA/CFA 
IFA{I 
IFA 
HRPox¶/CFA 
BSA~ 
RGG§ 
BSA 
RGG 
BSA 
16.9 
2.4 
2.0 
2.0 
1.9 
442 
52 
28 
48 
27 
* Includes all cells with one or more grains. 
:~ Bovine serum albumin. 
§ Rabbit T-globulin. 
l[ Incomplete Freund's adjuvant. 
¶ Horseradish peroxidase. 
TABLE  II 
Diyfferen~ial of Labded Cells (4 Grains or More)--EM Radioaulography 
Cell type 
Lymphocytes 
monorib. 
mixed 
polyrib. 
Blast Cells 
Plasma  Cells 
immature 
mature 
Mono-Macro 
Other~: 
Total. 
Immune cells 
anti--f globulin 
12q-BSA 
Abso- 
lute 
No. 
44 
38 
98 
8 
10 
90 
18 
9 
315 
Immune cells  Immu: 
12bI-BSA  te~ 
Abm-  Abso- ] 
Per cent  lute  Per cent  lute 
No.  No. 
13.7  19  25.7  63 
12.0  5  6.7  43 
31.1  15  20.3  113 
2.5  0  0.0  8 
3.2  5  6.7  151 
28.6  21  28.4  111 
5.9  4  5.4  22 
2.9  5  6.7  14 
74  389 
Iiu- 
Immune cells mune  cells  totals  126i" 
RGG 
Absc. 
Per cent  lute 
No. 
16.2 
i  11.1 
I 29.0 
i  2.1 
3.9 
28.5 
5.7 
3.5 
0 
4 
18 
21 
47 
Non- i 
inl- 
munel 
cells 
xs~I- 
BSA 
~bso- 
lute 
No. 
1 
2 
10 
7 
20 
Non-I  Pox  } 
ira-  cells* 
mune I anti- I  Controls 
ceils I  BSA[  totals 
nsI.  nsl. l 
RGG  BSA I 
Abso- Abso- Abso- 
lute  lute  lute  Percenl 
No.  No.  No. 
8  0  12  9.2 
0  0  0  0.0 
0  0  0  0.0 
0  0  0  0.0 
0  0  1  0.8 
0  1  7  5.4 
10  3  41  31.5 
18  23  69  53.0 
36  27  130 
* Cells from donors immunized with horseradish peroxidase in CFA and incubated in rat 
anti-BSA antiserum. 
Neutrophils, mast cells,  unclassified, and naked nuclei. 
control  situations  were  so labeled  (Table  I).  There  were  approximately  8  )< 
more  cells  from  immune  lymph  nodes  labeled  by  specific  antigen  than  from 
controls.  Stated  in  another  way,  1/~  of  the  labeled  cells  among  the  immune 
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Electron microscopic radioautographs of thin sections prepared from pellets 
of  cell  suspensions  provided  a  differential  analysis  of  the  labeled elements 
(Table II). Cells were classified as monoribosomal, polyribosomal, or mixed lym- 
phocytes (Figs. 1 and 2), i.e., mature, immature, intermediate (24), blast ceils 
(Fig. 3), plasma cells (Figs. 4 and 5), monocytes and macrophages (Fig. 6), and 
a miscellaneous collection of damaged cells (Fig. 7), mast cells, and unclassifiable 
elements.  For  statistical  purposes,  the  data  of  the  control  reactions  were 
grouped together. 
TABLE  III 
Averages of Labeling Intensity in EM Radioautography 
Cell category 
Immune lymphocytes +  specific  antigen 
Control lymphocytes 
Immune plasma cells +  specific antigen 
Control plasma cells 
Immune monocytes  and macrophages +  specific  Ag 
Control monocytes  and macrophages 
Immune cells +  specific  antigen 
Immune cells +  anti-TG +  specific  antigen 
Weighted mean and average SD[[ 
Mean 
6.62§ 
3.28 
7.54 
7.00 
9.04 
8.83 
6.32 
7.10 
7.05 
SD* 
2.76 
1.48 
3.97 
3.87 
3.52 
3.97 
3.50 
3.50 
3.43 
~edian 
6.27 
2.95 
6.61 
6.33 
7.90 
8.10 
5.42 
6.34 
QD~ 
2.03 
1.01 
2.30 
1.94 
1.17 
2.04 
2.26 
* Standard deviation for grouped data. 
:~ Quartile deviation for grouped data. 
§ Bold face means are significantly  different  from each other at 1% level. 
[[ McNemar's formula (38). 
Of the labeled ceils taken from immune rats and reacted with specific antigen, 
56% were lymphocytes, 32% plasma cells,  and 2% blast ceUs, a total of 353. 
The remaining  10%  were either monocytes-macrophages, or other elements 
presumably  not  directly associated  with  antibody  synthesis  (see  Table  II, 
columns under totals). By contrast, 85 %  of labeled control ceils were in the 
categories not directly associated with antibody synthesis and 15 % were lym- 
phocytes and plasma cells, the latter total being 20. Thus, these 20 cells might 
be considered as tagged for nonspecific reasons and, presumably, a comparable 
number among the ceils from immunized lymph nodes labeled with  specific 
antigen was also nonspecifically tagged. Since the 20 cells were gathered from 
four different control groups, the figure should be reduced to ~  or 5 in order to 
correspond with  the  total  number  of ceils  examined among  the  immunized 
population, 353, i.e., a ratio of 1:70. 1034  HETEROGENEITY  OF  ANTIBODY-FORMING  CELLS 
The results of the differential  analysis of labeled cells obtained with two dif- 
ferent labeling procedures are shown in Table IL With both methods, the fre- 
quency distribution of labeled cells in the different cell categories was similar, 
and the mean number of grains associated with tagged cells was also almost 
identical. The results, therefore, have been totaled together in both Tables II 
and III. 
The mean and median grain counts of the different ceil classes are recorded in 
Table III and include all cells with one or more grains above background. There 
was a significant  difference  between the mean and median of labeled lympho- 
cytes of control suspensions  and those of immunized ceils. Since there was no 
reason to implicate an immunologic  event for labeling of lymphocytes among 
control suspensions,  we decided to classify as positive only those elements show- 
ing four or more grains.  Despite the low background, less than 1 grain/50 #-3, 
and despite the probability that some cells with less than four grains might be 
producing antibody, a high threshold of positivity would eliminate most of the 
cells  which  were  labeled  nonspecifically  among  the  immunized  population. 
Among control suspensions,  even with  this  statistical  maneuver,  there  were 
still 20 lymphocytes and plasma cells that were labeled with four or more grains. 
Also revealed in the table is the fact that monocytes-macrophages as a  class 
were more heavily labeled than any other category of cell. In electron micro- 
graphs, the grains associated with this cell class were usually found deep in the 
cytoplasm, frequently within vacuoles and/or lysosomes (Fig.  6). By contrast, 
the grains marking lymphocytes and plasma cells were usually dispersed around 
the periphery of the cell (Figs.  1-5). 
DISCUSSION 
Our data have disclosed  that in lymph nodes draining an antigenic depot a 
majority of the cells that fixed labeled antigen were lymphocytes, almost twice 
as many as plasma cells. Further, the whole morphologic spectrum of lympho- 
cytes, small mature to large immature cells, was represented among the anti- 
body-forming elements. The fluor photographs published by Holub and Riha 
(25), Baney et al.  (26),  Urso and Makinodan  (27) and Vazquez (28) depicted 
lymphocytes stained  with  specific 7-globulin;  and  the  photomicrographs  of 
Attardi et al. (29), Cunningham et al. (9), Solomon et al. (30) were evidence at 
the light microscopic level that antibody might be detected in a wide variety of 
lymphocytes, blast elements, and plasma ceils. 
Of singular interest, in the ultrastructural images of some labeled lymphocytes 
a  rough endoplasmic reticulum was not observed. This cytoplasmic organelle 
has heretofore been closely associated with the synthesis of protein for secretion, 
e.g., in pancreatic acinar cells, thyroid epithehum, plasma cells, etc. The im- 
plication of this observation would suggest that some cells might be capable of 
producing and discharging  protein  without  an  ergastoplasmic  apparatus,  as 
already  suggested by others (8, 17, 19). CESARE BOS~AN, JOSEPH D. ]~ELD~AN, AND EDGAR PICK  1035 
The variety of cell types that were labeled was most likely a morphologic re- 
flection of the marked heterogeneity of 7-giobulin molecules. We have no evi- 
dence, however,  that one class of cells synthesized one class of antibody, e.g., 
that lymphocytes  produced 7M. In unpublished work, on the contrary, we have 
observed a spectrum of cell types involved in the synthesis of 7G and 7M.  6 
The  original  method used in  this  study assumed  that rabbit  anti-rat 7G 
would precipitate and immobilize ^/-globulin at or on the surface  of the cells 
forming this protein. If this were so, there would then be a  relatively large 
microquantity of antibody surrounding the cells and available for reaction with 
labeled antigen. By extending this procedure, we had hoped that the interaction 
of rabbit antisera to rat-rM or 7G-globulin would allow detection both of those 
elements  producing antibody and of the  class  of antibody. However,  when 
labeled  BSA was incubated with suspensions of immunized cells, without the 
interposition of rabbit anti-rat 7G, the electron radioautographic results were 
quite similar to those obtained with the original procedure. With both methods, 
the frequency of labeled  cells within different categories  and the mean and 
median number of grains per cell were almost the same. 
A major question posed by this study was whether a micrograph  showing a 
cell encircled or covered with silver grains could be regarded as clear evidence 
of antibody formation. The validity of the method rested upon the same im- 
munologic base that supports the validity  of the fluorescent antibody technique. 
The  observations  in this paper  supporting this view  are  marshalled below. 
First, in all the experimental  rats, antibody to BSA was detected in the cir- 
culation; antibody to BSA was found in none of the animals  inoculated with 
incomplete adjuvant or with horseradish  peroxidase in CFA. Second, by fluores- 
cent microscopy,  the number and distribution of stained cells in tissue  and 
smears  corresponded  roughly to the number and  distribution  of  istopically 
tagged cells in radioautographs. 
Next, the specificity of the reaction was reflected in the marked difference 
between the number of labeled elements derived from immune rats reacted with 
specific antigen and the number of labeled  cells from  control  materials.  At 
the light and electron microscopic levels, it was 8-fold and 70-fold larger, respec- 
tively, among the immunized cells. The 70-fold increase  was a more  reliable 
figure and indicated that immunization augmented the number of labeled  ceils 
among the lymphocyte, blast and plasma cell categories 70 X  above the con- 
trol values. Additional evidence of specificity was originally demonstrated by 
the use of "cold" BSA which inhibited labeling by subsequent incubation of 
cells with radioactive BSA (23). 
Finally, the fixation of grains at the periphery of cells from the immunized 
group was not the result of capture and binding of antibody (e.g., cytophilic) 
produced elsewhere. When control cell suspensions were immersed in rat anti- 
6  Bosman, C., and ]. D. Feldman. Unpublished  observations. 1036  HETEROGENEITY  OF  ANTIBODY-FORMING  CELLS 
BSA antiserum, washed, and then exposed to I~SI-BSA, the number (1.9 %) of 
labeled  cells  in  the  light  microscope  and  their  differential  in  the  electron 
microscope were similar to the results of other control situations. If fixation of 
ambient antibody were responsible for the large number of cells labeled with 
isotope among immune populations, then the above manipulation should have 
augmented the level of labeling beyond 2 %. Furthermore,  cytophflic antibody 
has been shown to bind chiefly  to macrophages and  not to other cell  types 
(31-35). 
There were 20 lymphocytes and plasma cells from control suspensions  with a 
label of four or more grains on their surfaces. The question posed by this obser- 
vation, and still unanswered, was  I whether for unknown reasons they reflected 
an inherent error of a sensitive method, or whether they represented an immun- 
ologic phenomenon. Naor and Sulitzeanu reported, similarly,  that 3 out of 2000 
normal spleen and lymph node cells bound '~SI-BSA, manifested in the light 
microscope by more than 16 grains per cell (36). 
One might speculate that this small number of cells were long-lived memory 
cells that had been exposed previously to BSA or antigenically similar proteins 
(ubiquity of antigens) and now were capable of binding ~I-BSA; or that  the 
few tagged lymphocytes depicted a primary encounter between labeled antigen 
and potential antibody-forming cells;  or the small  number of tagged plasma 
cells constituted committed memory cells that had been exposed previously to 
cross-reactive antigens. Uhr described sensitization of lymphocytes by antigen- 
antibody-complement complexes (37). The lymphocytes of the control reactions 
of our experiments could not have been labeled in this fashion since there was 
no opportunity for u~I-RGG nor '~SI-BSA and  specific antibody to interact. 
The tagging of monocytes and macrophages was clearly a different phenomenon 
from that of labeling of lymphocytes, blast and plasma cells. The mean number 
of grains in the former class was higher than that of the latter group and  the 
cytoplasmic dispersion  of grains,  especially within vacuoles and lysosomes, was 
distinctive. This pattern of labeling was to be expected among phagocytic cells 
that were capable of ingesting immune complexes. 
SUMMARY 
Cell suspensions  from draining lymph nodes of immune and nonimmune rats 
were reacted in vitro with 125I-labeled antigens. In light microscopic radioauto- 
graphs of smears, 17 % of the immunized cells were tagged by specific antigen; 
2.0 % of control cells were positive. In electron microscopic radioautographs, 
90 % of the labeled elements from immune donors were lymphocytes, blast and 
plasma cells;  10%  were monocytes-macrophages or other elements,  including 
naked nuclei.  15 % of the labeled cells from control materials were lymphocytes 
and plasma cells, while 85 % were monocytes-macrophages and naked nuclei. 
Within cell suspensions  derived from immunized animals  there were almost CESARE BOSMAN, JOSEPH D.  ~ELDMAN, AND  EDGAR PICK  1037 
twice as many lymphocytes marked by isotope as plasma cells, and the lympho- 
cytes ranged in morphology from mature monoribosomai elements to immature 
polyribosomal  cells.  Antibody-forming  cells  fixed  labeled  antigen  at  their 
surfaces. The monocyte-macrophage class was distinguished by a  high mean 
grain count and by distribution of grains within cytoplasmic vacuoles and lyso- 
somes. 
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FlOS.  1-7 are electron microscopic radioautographs of ceils labeled with 12~I-BSA. 
The cells were fixed in  1% glutaraldehyde, followed by 1% osmic acid, embedded in 
Vestopal W, coated with L4 Ilford emulsion, and stained with uranyl acetate and lead 
citrate. The horizontal line in each micrograph represents 1 ~. 
FIG.  1. Mature  lymphocyte with  small  compact nucleus  and  scanty  cytoplasm 
containing mostly free monoribosomes. X  19,000. 
FIG.  2.  Immature  lymphocyte with  numerous polyribosomes and  a  few  simple 
profiles of endoplasmic reticulum in an abundant cytoplasm. X 22,000. 1041 FIG.  3.  Blast  cell  characterized  by  a  large  nucleus with  large  interchr, 
areas and abundant cytoplasm filled with polyribosomes.  ×  12,000. 
FIG.  4.  Immature plasma cell in mitosis. ×  13,000. 
1042 FIG. 5.  Mature plasma cell. X  20,500. 
FIG. 6.  Typical macrophage  showing grains dispersed throughout  the  cell; some 
appear to be in relation to vacuoles (arrows) and lysosomes (broken arrows). Compare 
distribution of grains with that of Figs. 1-5.  X  18,000. 
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Fro.  7.  Naked nucleus with grains encircling its periphery.  X  15,000. 